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Abstract The purpose of this study was to determine the
value of magnetic resonance imaging (MRI) for characteriza-
tion of indeterminate spleen lesions in primary computed
tomography (CT) of patients with blunt abdominal trauma.
Twenty-five consecutive patients (8 female, 17 male, mean
age 51.6±22.4 years) with an indeterminate spleen lesion
diagnosed at CT after blunt abdominal trauma underwent
MRI with T2- and T1-weighted images pre- and post-
contrast material administration. MRI studies were reviewed
by two radiologists. Age, gender, injury mechanism, injury
severity score (ISS), management of patients, time interval
between CT and MRI, and length of hospital stay were in-
cluded into the analysis. Patient history, clinical history, im-
aging, and 2-month clinical outcome including review of
medical records and telephone interviews served as reference
standard. From the 25 indeterminate spleen lesions in CT, 11
(44 %) were traumatic; nine (36 %) were non-traumatic
(pseudocysts, n=5; hemangioma, n=4) and five proven to
represent artifacts in CT. The ISS (P<0.001) and the length
of hospital stay (P=0.03) were significantly higher in patients
with spleen lesions as compared with those without. All other
parameters were similar among groups (all, P>0.05). The
MRI features ill-defined lesion borders, variable signal inten-
sity on T1- and T2-weighted images depending on the age of
the hematoma, focal contrast enhancement indicating traumat-
ic pseudoaneurysm, perilesional contrast enhancement, and
edema were most indicative for traumatic spleen lesions. As
compared with CT (2/25), MRI (5/25) better depicted thin
subcapsular hematomas as indicator of traumatic spleen inju-
ry. In conclusion, MRI shows value for characterizing inde-
terminate spleen lesions in primary CT after blunt abdominal
trauma.
Keywords Blunt abdominal trauma . Spleen . Indeterminate
lesion .Magnetic resonance imaging . Computed tomography
Introduction
The spleen is one of most frequently injured organs after blunt
abdominal trauma, accounting for up to 49 % of all visceral
injuries [1, 2]. Since physical examination and laboratory data
are often nonspecific in the diagnosis of splenic injury [3],
imaging with ultrasound or computed tomography (CT) usually
is required for diagnosing or ruling-out traumatic spleen injury
[4]. Contrast-enhanced CT is currently considered the imaging
tool of choice for the assessment of traumatic visceral injury in
hemodynamically stable patients due to its widespread avail-
ability, speed, minimally invasive nature, and accuracy [5].
Besides the ability of CT for diagnosing traumatic splenic injury,
it is also able to demonstrate coexisting pathology, such as injury
to the liver, retroperitoneum, and abdominal wall and can ex-
clude lesions requiring surgery, such as bowel or pancreatic
injuries [6]. The use of CT has also influenced current trends
in the management of traumatic spleen injuries towards nonsur-
gical approaches including catheter-based interventions [7, 8].
Notwithstanding the clinical value of CT imaging in trauma
patients [9], the interpretation of especially smaller hypodense
lesions of the spleen can be challenging [10], not only because
of sometimes coexisting artifacts [11]. This is explained by the
fact that hypodense lesions in the spleen have a high preva-
lence in the general population, often being an incidental and
benign finding. In addition, soft tissue contrast is limited in
CT, which limits the capability of the modality to further
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differentiate incidental from traumatic spleen lesions. The
existence of a hypodense spleen lesion thus might complicate
the evaluation of patients with blunt abdominal trauma, po-
tentially leading to unnecessary interventions, prolonged hos-
pital stay, and increased treatment costs.
Magnetic resonance (MR) imaging offers better soft tissue
contrast than CT, is often used for the evaluation of the upper
abdomen [12], and thus has the potential for helping in the
differentiation of traumatic and non-traumatic spleen lesions.
The purpose of this study was to determine the value ofMR
imaging for characterization of indeterminate spleen lesions in
the primary CT of patients with blunt abdominal trauma.
Material and methods
Patients
This retrospective study was conducted at a level-I trauma
center after institutional review board and local ethics com-
mittee approval was obtained. Written informed consent was
waived because of the retrospective nature of the study.
Between July 2010 and May 2013, a total of 996 patients
were admitted to our hospital after blunt abdominal trauma.
From these, 173 (17%) showed a splenic lesion in primary CT
of which 25 (15 %) were judged by the attending fellow and
senior staff radiologist on duty as indeterminate. The indeter-
minate nature of these spleen lesions were confirmed by two
other experienced radiologists involved in this study who read
all primary CT studies again.
Among these 25 patients (8 female, 17 male, mean age
51.6±22.4 years; age range, 22–86 years), fall (68 %)
accounted for the major mechanism of injury followed by
sports injury (20 %) and motor vehicle accident (12 %)
(Table 1).
Further characterization of these indeterminate spleen le-
sions was performed with MR imaging within a median time
interval of 24 h after CT (range, 4 h to 9 days).
CT imaging
According to our institutional trauma protocol, all 25 patients
underwent whole-body CT including imaging of the head,
cervical spine, chest, and abdomen, the latter two body re-
gions after the administration of contrast media. All CT stud-
ies were performed using a first generation dual-source CT
machine (Somatom Definition; Siemens Healthcare,
Forchheim, Germany). All patients were placed on the CT
table in supine position. The following scan and reconstruc-
tion parameters were kept identical for all data acquisitions in
all examinations: tube voltage 120 kV; reference tube current–
time product 250 mAs using attenuation-based tube current
modulation (CareDose 4D; Siemens); pitch 1.5; slice collima-
tion 32×0.6 mm, slice acquisition 64×0.6 mm by means of a
z-flying focal spot, gantry rotation time 330 ms; slice thick-
ness 2 mm; increment 1.6 mm, using filtered back-projection.
In all patients, a 100-ml bolus of iso-osmolar, non-ionic
iodinated contrast material [300 mg iodine/ml, Iopromide
(Ultravist 300; Bayer Schering Pharma)] followed by a saline
flush of 40 ml was injected into an antecubital vein at a flow
rate of 3 ml/s. Contrast media injection was timed for
obtaining a mixed arterio-venous enhancement of the chest
and a portal-venous enhancement of the abdomen.
MR imaging
All MR imaging was performed on a 1.5 Tesla whole body
MR scanner (SignaEchospeed EXCITE HDxt, GE
Healthcare, Waukesha, WI, USA) with patients in supine
position using an eight-element body-array coil. All patients
received a 22-gauche intravenous catheter in an antecubital
vein for contrast media administration.
Overview and calibration sequences for surface-coil sensi-
tivity were acquired in inspiration. The imaging protocol
comprised 2D encoded coronal T2-weighted single-shot fast
spin-echo sequences (TR/TE 1275/92.4 ms, flip-angle 90°,
Table 1 Patient demographics and injury characteristics
Patients, overall Patients with traumatic
spleen lesion (n=11)
Patients w/o traumatic
spleen lesion (n=14)
P value
Age (mean ± SD) in years 51.6±22.4 52.0±19.2 51.3±25.3 0.939
Sex (% male) 68 % (17/25) 63.6 % (7/11) 71.4 % (10/14) 0.678
Sports injury 5 (20 %) 2 3 0.700
Motor vehicle accident 3 (12 %) 2 1
Fall 17(68 %) 7 10
ISS (mean ± SD) 15.98±12.5 25.1±10.2 8.6±8.8 <0.001
Time between CT and MRI (mean ± SD, in hours) 46.6±55.9 69.2±76.2 28.9±23.1 0.072
Interventional versus conservative management 2 (8 %) 2 vs. 9 0 vs. 14 0.096
Length of hospital stay (mean ± SD, in days) 8.6±6.8 11.8±5.7 6.1±6.6 0.030
ISS injury severity score, SD standard deviation, CT computed tomography, MRI magnetic resonance imaging
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matrix size 384×224, FOV 480 mm, slice thickness 6 mm,
intersection gap 1 mm, bandwidth 244.1 Hz/Px), axial 2D
encoded T2-weighted fat-suppressing fast spin-echo se-
quences (TR/TE 10588.2/104.5 ms, flip angle 90°, matrix size
256×256 mm, FOV 400 mm, section thickness 5 mm, band-
width 162.8 Hz/Px) and contrast-enhanced (Gd-DOTA,
Dotarem, Guerbet, France, 0.2 mmol/kg body weight; flow
rate 1.5 ml/s) dynamic acquisitions with a T1-weighted 3D
spoiled SPGR sequence (LAVA FLEX, GE Healthcare) (TR/
TE 3.1/1.4 ms, flip angle 15°, matrix size 256×224 mm, FOV
400 mm, slice thickness 4 mm, none intersection gap, band-
width 325.5 Hz/Px). Total examination time was 17 min.
Image analysis was performed on LCD monitors (EIZO
FlexScan S2100) of the picture archive and communication
system (PACS) (Impax 6.0 by Agfa HealthCare) of our
hospital.
Imaging evaluation
MR images were reviewed in consensus by two radiologists
having 3 and 6 years of experience in MR imaging. The
following features were determined: border definition, signal
intensity on T1-weighted pre- and post-contrast images, signal
intensity on T2-weighted images, contrast enhancement of the
lesion, number of spleen lesions per patient, perilesional con-
trast enhancement, and edema, subcapsular, and perisplenic
fluids.
Reference standard
Meticulous case ascertainment, clinical examination, and in-
terpretation of all available imaging examinations (including
CT, ultrasound, and catheter angiography, if available) served
as the reference standard. In addition, clinical follow-up
2 months after hospital discharge in the out-patient clinic or
telephone interview was performed in all patients.
Statistical analysis
Quantitative variables were expressed as mean ± SD and
categorical variables as frequencies or percentages.
Unpaired Student’s t test for independent samples was used
to test for significant differences between patients with trau-
matic and non-traumatic spleen lesions regarding age, injury
severity score (ISS), time interval between CT and MR imag-
ing, and length of hospital stay.
The Chi-square test was used to test for significant differ-
ences between patients with traumatic and non-traumatic
spleen lesions regarding gender, injury mechanism, and man-
agement of patients.
P values <0.05 were considered statistically significant. All
statistical analyses were performed using commercially avail-
able software (SPSS, release 21, Chicago, IL).
Results
Patients
There were no significant differences between the 11 patients
with and those 14 without traumatic spleen lesions regarding
age, gender, injury mechanism, time interval between CT and
MR imaging, and management of patients (all P>0.05, Ta-
ble 1). Patients with traumatic spleen injury had a significantly
higher ISS (P<0.001) and a longer hospital stay (P=0.03) as
compared with those without. Two of the 11 (18.2 %) patients
with traumatic spleen injury underwent embolization of the
splenic artery (Table 1).
CT imaging findings
All 25 patients showed a hypodense lesion in the spleen on
portal-venous phase CT. Measurements of Hounsfield unit
(HU) values were inconclusive in small lesions because of
partial volume artifacts. Three of the 25 patients (12 %)
showed perisplenic fluid on primary CT. There were no adja-
cent traumatic findings that would have suggested a traumatic
origin of the hypodense spleen lesions in any of these patients.
Additional imaging findings in the abdomen related to trauma
included liver laceration (n=3), hematoma of the right adrenal
gland (n=1), hematoma of the psoas muscle (n=1), and basal
rib fractures (n=2).
MR imaging findings
Non-traumatic spleen injury Nine of the 25 (36 %) spleen
lesions in CT were of non-traumatic etiology. All showed a
well-defined, sharply demarcated hyperintense signal on T2-
weighted and a hypointense signal on non-enhanced T1-
weighted images. After administration of contrast media, 5/9
lesions (55 %) showed no enhancement, consistent with
(pseudo-)cysts (Table 2), whereas 4/9 showed a nodular pe-
ripheral enhancement on venous phase images, consistent
with hemangioma (Fig. 1). Contrast media uptake could not
be appreciated in these four lesions on CT.
MR imaging was normal in five of the 25 (20 %) patients
showing hypodense lesions in CT. In two of these patients, the
abnormality on CT most probably was due to beam hardening
artifacts. In one patient, the lesion represented a perfusion
inhomogeneity due to contrast media administration prob-
lems. In one patient, the hypodense lesion in CT turned to
be a bi-lobulated spleen according to MR imaging. In the last
one, CTwas interpreted as showing subcapsular fluid, where-
as MR imaging showed no splenic and perisplenic abnormal-
ity but rather an asymmetric thickening of the diaphragm
leading to a false-positive diagnosis on CT (Fig. 2).
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Traumatic spleen injury Eleven of the patients (44 %) had
traumatic spleen injury. All demonstrated a heterogeneous
signal behavior at MR imaging, depending on the interval
between trauma and MR imaging (Table 2). Three patients
showed an ill-defined hyperintense signal on T2-weighted
images, most probably representing hyperacute hemorrhage.
Catheter angiography in one of these three patients showed an
active central splenic hemorrhage. All other eight patients
demonstrated ill-defined hypointense lesions on T2-
weighted images, most probably representing acute and sub-
acute hemorrhage. Two patients showed a slight hyperintense
rim around the lesion at T2-weighted images, most probably
representing perifocal edema (see Table 2).
T1-weighted images showed an isointense signal of the
lesion in two patients with hyperacute hemorrhage and a
hypointense signal in three patients with acute hemorrhage.
Five patients with subacute hemorrhage showed a hyperin-
tense signal on T1-weighted images. On contrast-enhanced
images, one patient showed a focal, nodular hyperintense
lesion in arterial phase images suggesting a pseudoaneurysm,
which was confirmed at catheter angiography. The lesions in
the other ten patients showed no contrast enhancement. Two
patients with subacute hemorrhage showed a perifocal con-
trast enhancement, most probably representing granulation
tissue.
Five out of 11 (46 %) patients demonstrated a subcapsular
hematoma, of which three were not detected on CT (Fig. 3).
Three of 11 (27.3 %) showed free perisplenic fluid, of which
one was not seen on CT.
Follow-up
In all nine patients in whom the indeterminate spleen lesion on
CT was interpreted as being a benign, incidental finding
according to MR imaging, no further imaging studies (includ-
ing CT, ultrasound, catheter angiography, andMR imaging) of
the spleen were performed during their hospital stay. Clinical
follow-up after 2 months in these patients revealed no evi-
dence of traumatic spleen injury. In contrast, in the 11 patients
with presumably traumatic spleen lesions, further imaging
was performed including ultrasound (n=10), CT (n=4), and
catheter angiography including embolization (n=1).
Discussion
The accuracy of contrast-enhanced CT for the evaluation of
traumatic visceral injury is well established with reported
sensitivities and specificities ranging from 93 to 96 % [13,
14]. Portal-venous phase CT imaging is considered the stan-
dard for evaluating patients after abdominal trauma [15].
However, interpretation of focal hypodense lesions of the
spleen can be challenging with CT [10]. Artifacts or benignTa
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lesions of the spleen such as hemangioma or pseudocysts may
render the interpretation of spleen lesions in trauma patients
difficult.
Driven by the hypothesis that MR imaging provides an
improved contrast and soft tissue resolution as compared with
Fig. 1 A 45-year-old male patient with blunt abdominal trauma after fall.
a Transverse portal-venous phase CT shows a hypodense lesion of the
posterior pole of the spleen. b T2-weighted MR images at the same level
demonstrate a well demarcated, homogenously hyperintense lesion. c
Contrast-enhanced T1-weighted MR images in the venous phase shows
a nodular, peripheral enhancement indicating hemangioma
Fig. 2 A 71-year-old male patient with blunt abdominal trauma after fall. a
Transverse portal-venous phase CTwere interpreted as showing perisplenic
fluid (arrow). b T2-weighted MR images at the same level demonstrate a
normal configured spleen without a lesion or perisplenic fluid. c Contrast-
enhanced T1-weighted MR images in the venous phase shows thickening
of the diaphragm (arrow) mimicking perisplenic fluid at CT
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CT, we sought to determine the value of MR imaging as
follow-up imaging modality for further characterization of
indeterminate spleen lesions at primary CT. According to the
experience in this study, we believe that the following MR
imaging features are helpful in the diagnosis of benign, inci-
dental lesions: sharp lesion border demarcation and high
signal on T2-weighted images, no or nodular peripheral en-
hancement of the lesion. In contrast, traumatic spleen lesions
showed ill-defined borders with variable signal intensities on
T1- and T2-weighted images. Contrast enhancement within
the lesion was seen in only one pat ient with a
pseudoaneurysm, and perilesional contrast enhancement and
edemawere seen in patients withMR imaging at 9 and 10 days
after trauma.
Interpretation of acute traumatic injury in MR imaging
requires knowledge about the imaging features of the different
stages of blood in the various sequences, which is known
primarily for intracerebral hemorrhage [16]: A hyperacute
hematoma (oxyhemoglobin) has an isointense to slightly hy-
perintense signal intensity on T1-weighted and increased sig-
nal intensity on T2-weighted images. In the acute phase (intra-
cellular deoxyhemoglobin), the signal intensity is slightly
hypointense to isointense on T1. There is a low signal within
the acute hematoma on T2-weighting. In the subacute phase
(intracellular and extracellular methemoglobin), the signal in-
tensity increases on T1-weighted imaging from slightly
hypointense to isointense, to become hyperintense before the
end of the subacute period. On T2-weighted images, signal
intensity remains low in the early subacute phase and begins to
increase towards the end of the subacute period [16].
The most severe complication of conservatively managed
traumatic splenic injury is delayed rupture [17]. Patients who
are managed conservatively thus require close monitoring and
repeated follow-up examinations, which is associated with
longer hospitalization time and higher costs of care. Follow-
up imaging of spleen lesions has been proposed with various
imaging modalities including ultrasound [18], contrast-
enhanced ultrasound [19, 20], and contrast-enhanced CT
[21, 22]. Interestingly, to the best of our knowledge, MR
imaging as an imaging tool for characterization of traumatic
parenchymal injury of the spleen has not been reported so far.
Our study indicates that indeterminate spleen lesions at pri-
mary CT can be further characterized with MR imaging.
Beyond that, MR imaging also allowed for depiction of even
thin subcapsular hematomas, which have been implicated as
an important cause of delayed rupture [17, 23, 24].
In our study population, MR imaging indicating a non-
traumatic origin of spleen lesions in nine patients resulted in a
Fig. 3 A 25-year-old woman with blunt abdominal trauma after motor
vehicle accident. aTransverse portal-venous phase CT shows a mild
hypodensity at the ventral pole of the spleen (white arrow). b T2-
weighted MR images at the same level demonstrate an ill-defined
hyperintense lesion (white arrow) with a thin subcapsular hematoma
(black arrow). c Contrast-enhanced T1-weighted MR images in the
venous phase show a small hypointense lesion (white arrow), indicating
hyperacute intra-parenchymal hemorrhage
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change of management, showing that these patients
underwent no further follow-up imaging with any modality
in the course of their hospital stay. This is in distinction to the
patients with presumably traumatic spleen lesions in whom
several subsequent imaging studies were performed. Impor-
tantly, patients with presumably non-traumatic spleen lesions
according to MR imaging were asymptomatic on clinical
follow-up after 2 months.
CT imaging employs ionizing radiation, and it is currently
assumed that there exists a dose-dependent risk of developing
cancer from radiation for each dose level, without a lower
threshold [25]. In addition, radiation risk depends on the age
of the irradiated subject, being highest in children and young
adults [26]. Ultrasound is non-invasive, widely available, and
cost-effective; however, it is highly operator-dependent [18].
In addition, ultrasound is limited in regard to the detection of
traumatic parenchymal spleen injury [27]. An alternative
could be contrast-enhanced ultrasound, which shows better
capabilities for characterization of traumatic injury to paren-
chymal abdominal organs [19, 20].
Thus, use of MR imaging as a second level modality for
characterizing splenic lesions would be advantageous from
both the radiation and the operator-dependence perspectives.
Of course, contraindications of MR imaging exist; including
pacemaker and cochlea implants and claustrophobia of the
patient. In addition, MR imaging requires compliant patients
being able to follow breath-hold commands during image
acquisition which might not be the case in all patients after
trauma. In our population, MR imaging was performed be-
tween 4 h and 9 days after trauma (median 24 h), when
patients were considered to be compliant enough. In addition,
total MR examination time was kept short (17 min) for min-
imizing the risk of artifacts from motion.
The following study limitations must be acknowledged.
First, the retrospective nature of our study has inherent short-
comings. Second, our sample size is limited with only 25
patients. Third, CT was obtained only in the portal-venous
phase of enhancement, which represents the current standard
of care in our institution. An additional arterial phase might
have resulted in a better capability of CT for discriminating
traumatic from non-traumatic splenic lesions as previously
suggested [28]. Thus, using a two-phasic contrast media pro-
tocol would have probably resulted in a lower number of
indeterminate spleen lesions in our study. Fourth, differences
between initial CT and follow-up MR imaging might well be
caused by the temporal evolution of parenchymal trauma. This
could be particularly true for the thin subcapsular hematomas
detected onMR but not on CT images. Finally, our study lacks
a gold standard for the diagnosis of traumatic versus non-
traumatic spleen lesions in MR imaging. However, surgery
with splenectomy and subsequent pathological work-up in
patients only for the purpose of a study cannot be considered
ethical.
In conclusion, our study introduces MR imaging of the
spleen as a potential modality for characterization of indeter-
minate spleen lesions on primary CT in patients after blunt
abdominal trauma. Our initial experience indicates that certain
MR imaging features allow for the differentiation between
incidental, benign, and traumatic spleen lesions, thus showing
potential of MR imaging for an optimized triage of patients
with blunt abdominal trauma.
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